The optimal interpretation of noisy data is a compromise between the data and our prior expectations. In the case of ambiguous signals, like the Necker cube, trajectories of the optimal interpretation map to configurations of a random field Ising model. This analogy provides at least a qualitative account of several robust phenomena in human perception of ambiguous stimuli.
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PACS numbers: 87. 10 .+e jectories of the feature f(t), P[d(t) ], serves as a normalization factor and will play no role in our general discussion.
To proceed we need to make some hypotheses about the structure of the distributions in Eq. (1 [2] . Clearly the different metastable percepts correspond to different patterns of neural activity in the brain, and one possible model of the random switching is that it is driven by noise in the neural circuitry itself [3] . The idea of trapping in locally stable states of neural activity could also explain perceptual hysteresis.
Common to these models is that our perceptions are limited by the quality of neural hardware -the brain is behaving randomly when the external world is static. Here we present an alternative view: The brain always finds the statistically optimal interpretation of the incoming sense data, but these data are noisy and must be smoothed by some a priori hypotheses about the dynamics of the world [4] .
We consider for simplicity that the interpretation of an ambiguous stimulus can be reduced to the But from the quantum-mechanical analogy we know that there are also instanton trajectories which "tunnel" from one interpretation to the other [5] . These switching events occur in a small time 7 where the random field has a variance These results should be contrasted with models where random switching among percepts is triggered by dynamics and noise in a neural network rather than by the noise in the sense data itself. In general, the switching between locally stable states of the network must be some form of Kramers' problem [7] , and we expect that the predicted switching rate will depend exponentially on the noise level and on the "barrier' height. One might object that our analysis is based on a probability distribution for trajectories f(t), and it ought to be possible to construct a noisy network whose trajectories are drawn from the same distribution. This is true, but the resulting network dynamics are quite complex and nonlocal in time; this is related to the fact that the real devices which make optimal estimates usually make delayed estimates [8] . The central point of our discussion is that random switching is an inevitable feature of optimal estimation, independent of the circuitry in which the estimator is realized.
To make these ideas concrete we consider a problem in pitch perception [9] . When we hear a harmonic sequence, e.g. , 1000, 1200, and 1400 Hz, we assign a pitch equal to the fundamental even if it is not present in the physical signal. This search for the missing fundamental continues if the signals are slightly inharmonic, as in a sequence f"=nf~+ 6, and the perceived pitches can be predicted [9] as those f which minimize The remaining factor in Eq. (9) is dimensionless and determined entirely by the choice of integers (n"), and we find the predicted 7s;"h -1.2 -12 sec, in reasonable agreement with experiment [2,9, 10].
The predicted switching times depend on the parameters of the stimulus and on the a priori assumptions of the observer. Thus individual differences in mean switching time could be substantial, although the distribution of switching times should be more reproducible, in agreement with experiment [2] . If the brain adjusts its "prior" expectations in response to recent sensory experience [4] , it should be possible to manipulate the observable switching times by having the observer listen to sounds with different statistical properties. Certainly human observers adjust their expectations in relation to the instructions given at the start of the experiment, so that instructing the observer to expect changing signals should increase the reversal rate, as observed [11] .
In vision one can have not just one ambiguous figure but a whole array, in one or two spatial dimensions. Ramachandran and Anstis [12] 
